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T — I , Abstract 

0^ | The new contributions to the charmless B decay B — > X s r( from the unit- 

charged technipions P and P 8 are estimated. The technipions can provide a 
large enhancement to the inclusive branching ratio: Br(B — » X s rj') ~ 7 x 10~ 4 for 
m v \ = lOOGeU and m p % = 250 ~ 350GeU when the effect of QCD gluon anomaly is 



also taken into account. The new physics effect is essential to interpret the CLEO 
data. 
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Recently CLEO has reported |I| a very large branching ratio for the inclusive produc- 
tion of rf\ 

Br{B^r)'X s ) = (6.2 ±1.6 ±1.3) x 10~ 4 , far 2.0 < E v r < 2.7GeV (1) 

and a corresponding large exclusive branching ratio [§ 

Br(B ± -► rj'K*) = (7.1+|;f ± 0.9) x 10~ 5 (2) 

where the acceptance cut was used to reduce the background from events with charmed 
mesons. By using the Standard Model (SM) factorization one finds || Br(B —>■ r]'X s ) ~ 
(0.5 — 2.5) x 10 -4 including the experimental cut, with the largest yields corresponding 
to a fairly limited region of parameter space, which is much smaller than the observed 
inclusive rate in eq.([l]). 

Up to now a number of interpretations have been proposed fl, H, H, 0, @, HI t° account 
for the observed large branching ratio of B — > f]'X s and/or the exclusive branching fraction 
Br{B ± —> 7]'K ). These include: (a) conventional b — > sqq with constructive interference 
between the uu, dd and ss components of the ?/[|J, (b) b — > ccs decay enhanced cc content 
of the 7]' [[5], |S|], (c) b — > sg* — > sgrj' from QCD gluon anomaly |F| or from both QCD gluon 
anomaly with running a s and the new physics effects || [|, (d) non-spectator effects^]. 

From the above works, the following major points about the inclusive and exclusive 
branching ratios BriB —>■ r]'X s ) and Br{B ± —* rj'K ) can be reached; 

1. The SM factorization can, in principle, account for the exclusive r( yield without 
the need of new physics^, ||. Although a SM "cocktail" solution for large inclusive 
rate Br(B — > i]'X s ) involving contributions from several mechanisms is still possible, 
but the intervention of new physics in the form of enhanced chromo- magnetic dipole 
operators provides a simple and elegant solution to the puzzle in question^, |3|. On 
the other hand, the short-distance b — > rfsg subprocess most possibly does not affect 
the exclusive B — > rfK branching ratios||. 

2. The observed inclusive branching fraction is larger than what is expected from 
scenario (a). Furthermore, the data show that the invariant mass spectrum M(X S ) 
of the particles recoiling against the rj' peaks above 2GeV A [||]. 

3. The large inclusive rate may be connected to the standard model QCD penguins 
via the gluon anomaly, which leads to the subprocess b — > sg* — > sgrj'. Taking a 
constant ggrj' vertex form factor H(0, 0, mi,) 0, the observed large branching ratio 
in eq.(||) can be achieved. But as argued by Hou and Tseng ||, if one considers the 



running of a s implicit in H(0, 0, rrvi,), the result presented in ref.0 will be reduced 
by roughly a factor of 3. In other words, the new physics effect is essential to 
interpret the observed large inclusive rate p. 

4. As pointed by Kagan and Petrov JJJ, the m^,/(q 2 — m%,) dependence of the ggrf 
coupling should be considered. Including this dependence nominally reduce the 
former result to ~ 1.6 x 10~ 5 including the cut, which is significantly smaller 
than the observed inclusive rate. This fact will strengthen the need for new physics. 

5. It is possible to enhance the chromo-dipole bsg coupling by new physics at the 
TeV scale without jeopardizing the electrodipole bsj coupling [|H], [11]] . One explicit 
example in the framework of the Minimal Supersymmetric Standard Model (MSSM) 



has been studied in ref. 11 . 



In this letter we will show that the unit-charged technipions P^ 1 and Pg appeared in 
almost all nonminimal technicolor models |T2], 13 1 can provide the required enhancement 
to account for the observed large rate Br(B — > r/'X s )[[l|. 

In the framework of the SM, the loop induced effective bsg coupling was calculated 
long time ago [pi, 
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where the g s is the strong coupling constant, V is the CKM matrix, T a = X a /2 and A a is 
the Gell-Mann matrix, q = p b — p s and the charge radius form factors F{ and the dipole 
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where Xj = mj/Myy and yi = 1/(xj — 1) for i = u,c, t. 

In the framework of Technicolor theory, the new effective bsg coupling can be derived 
by replacing the internal W-lines in the one-loop diagrams that induce bsg coupling in the 
SM with the charged technipion lines. Using the gauge and effective Yukawa couplings as 



given in refs. |T!| , one finds the new effective bsg coupling induced by P ± and P 8 , 
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where £ = m^/mf and 77 = mp 8 /mf, and m P i and m p g denote the masses of the color- 
singlet and color-octet technipion P^ 1 and Pg respectively. The technipion decay constant 
F n = 123GeV in the One-Generation Technicolor Model (OGTM) |T2|. The G F is the 
Fermi coupling constant G F = 1.16639 x 10~ 5 (GeV)~ 2 . 

Comparing the effective bsg coupling Y^ ew in eq.@ with the T M in eq.(§), one can 
see that the form factors -F\ and F : 

b — > sg from the charged technipions P ± and P%. 

In the numerical calculation we use the branching ratio formula for B — > 77 
gluon anomaly as given in ref. ||, 
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SM. The new form factors F^ ew and _F 2 eW describe the contributions to the decay 
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where 0.2 comes from (V^ 2 G 2 ? m 2 )/(1927r 3 ) ~ 0.2r^ via the standard trick of relating to 
B s i (see ref. J7J). The factors Cq,Ci and c 2 in eq.(|l2]) are 
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where x = m 2 /m 2 with m is the physical recoil mass against the 77' mason, and y = q 2 /m 2 
with q = Pb — p s and x' = m 2 ,/m 2 . The term AFi was defined as AFi = F\(xt) — 
Fi(x c ). The factor a 9 = J N /a s (/x) / '(7: f v ') is the effective anomaly coupling H (g 2 , fc 2 , m 2 /) 



as defined in ref.JTJ and f v > = 131MeV. For the running of a s , we use the two- loop 



approximation as given for instance in ref.[15 



The Fig.l shows the mass dependence of form factors in the SM and in the OGTM. 
The dot-dashed line corresponds to the AFi = —5.25 in the SM, while the long dashed 
line shows the AF? ew = F? ew (tt,Vt) ~ F? ev3 (£ c ,r) c ) « -4.6 in the OGTM, assuming 
rripi = lOOGeV^ and m p § = 250 — GOOGeV^. The short-dashed line is the F2 = 0.2 in 
the SM for m t = 180GeV and mw = 80.2GeV, while the solid curve is the F 2 New in the 
OGTM, assuming m pl = lOOGeV^ and m p8 = 250 — 600GeV. It is easy to see that the 
size of F 2 New can be much larger than the F2 in the SM for light color-octet technipion. 
Furthermore, the P^ dominates the total contribution to the Ff ew and F 2 New . 

Because we do not know the "correct" form of ggrj vertex form factor H(q 2 , k 2 ,m 2 ,), 
we consider the following two different cases respectively. 

Case-1: We consider the effect due to the running of a s M as well as the new contribution 
from the charged technipions. 

After the inclusion of the running of a s one finds Br(B — > rfX s ) rj 3.4 x 10~ 4 including 
the cut, as shown in Fig. 2 (the dot-dashed line). The horizontal band in Fig. 2 represents 
the CLEO data in eq.([|). The long dashed curve corresponds to the total inclusive 
branching ratio BriB — > i]'X s ) when the new physics effects are also included. Numeri- 
cally, Br[B -»■ 7]'X S ) = (48.9-5.7) x 10~ 4 for m pl = lOOGeV and m p8 = (250-600)GeK. 
The theoretical prediction is now well consistent with the CLEO data for m p % > 350Ge^. 
The color-octet technipion P s dominates the total new contribution: the increase due to 
the P ± is only about 10% at the level of the corresponding branching ratio. 
Case-2: We consider the effect of the m 2 ,/(q 2 — mi,) suppression and the new physics 
contribution from P ± and P 8 ± . 

When the new suppression factor rrii,/{q 2 — m 2 ,) is taken into account one finds 
BriB — > i]'X s ) = 2.3 x 10~ 5 including the cut as shown by the short dashed line in 
Fig.2, which is much smaller than the CLEO measurement. When the new contribu- 
tions from the charged technipions are included, the inclusive branching ratio Br(B — > 
r]'X s ) can be enhanced greatly as illustrated by the solid curve in Fig.2. Numerically, 
Br{B -> 7]'X S ) = (15.2 - 0.7) x 10~ 4 for m pl = lOOGeV and m p8 = (250 - 600)GeV. 
The theoretical prediction is now consistent with the CLEO data for m p g ~ 280Ge^. 
The new physics effect is essential to interpret the CLEO data for the Case-2. Again, the 
color-octet technipion Pg dominates the total contribution as that in Case-1. 

In this letter we show a real example that the observed large ratio Br(B —>■ 1]'X S ) 
can be explained by the new physics contributions from the unit-charged technipions P^ 
and P 8 . Because the major properties of the technipions in different technicolor models 



are generally very similar, the analytical and numerical results obtained in this letter are 
representative and can be extended to other new technicolor models easily. 

In this letter, we firstly evaluate the new one-loop penguin diagrams with the internal 
P ± and P^ lines and obtained the new form factors F^ ew (£j, r/j) and F^ ew (^i,r]i) which 
describe the new physics contributions to the decay in question. The size of F^ ew can be 
rather large for relatively light charged technipions. Secondly, we combine the new form 
factors F t New (i =1,2) with their counterpart F\ and F 2 in the SM properly and use them 
in the numerical calculation. We finally calculate the inclusive branching ratios for both 
Case-1 and Case-2. As illustrated in Fig. 2, the unit-charged technipions can provide a 
large enhancement to account for the large rate Br(B — > i]'X s ) observed by CLEO|jI[. 
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Figure Captions 

Fig.l: The dot-dashed line shows Ai<\ = —5.25 in the SM, the long dashed line corre- 
sponds to the AF^ ew , the short dashed line is the F£ = 0.2 and the solid curve 
is the F^ ew induced by unit-charged technipions. 

Fig. 2: The horizontal solid band represents the CLEO data Br(B — > r]'X s ) = (6.3 ± 
2.1) x 10~ 4 . The dot-dashed (short dashed) line is the SM prediction in Case-1 
(Case-2), while the long-dashed and solid line show the total inclusive branching 
ratio Br(B — > r]'X s ) when the new physics effects are included in Case-1 and Case- 
2, respectively. 
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